Structural energetics and base-pair opening dynamics in sarcin-ricin domain RNA.
The sarcin-ricin domain is a universal element of the RNA from the large ribosomal subunit. The domain is part of the binding site for elongation factors and is specifically cleaved by the toxins alpha-sarcin and ricin. In this work, we have mapped the energetics and dynamics of individual structural motifs in a 29-mer RNA oligomer containing the sarcin-ricin domain. The stability of individual base pairs in the structure was characterized from measurements of the exchange rates of imino protons using nuclear magnetic resonance spectroscopy at 10 degrees C. The measurements also provided the rates of opening and closing for selected base pairs. The results reveal that the structural stabilization free energies in the sarcin-ricin domain are broadly distributed between 2.9 and 10.6 kcal/mol. One of the least stable sites in the structure is the noncanonical G-A base pair located next to the phosphodiester bond that is cleaved by alpha-sarcin. The low stability of this base pair supports the proposal that cleavage by alpha-sarcin occurs by a base flipping mechanism. The opening dynamics of other base pairs is affected by elements of the structure such as the bulged-G motif and its cross-strand stacking. Participation in these motifs increases the lifetimes of the bases in an open, solvent-accessible conformation.